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Available on loan, in CIA library is a Study on the Disease of Maize, prepared by a 
privately-endowed US research institute^ 


l|- Tne treatment of the diseases of maize as set forth in the study, is somewhat in- 

■'onrolete, has one inaccuracy- omits some information of recent date, and over or under- 
stater some, pertinent items/ Some of these are the following / the following numbered 
items,' 1-16, inclusive, correspond with the numbers appearing in the above-mentionec. 

study„_/ | 

1. Zea mays Includes not only varieties (pod, flour, flint, pop, sweet 
and dent) but numerous racer, (a, 22 ) . 

'I . 

2. Reference to 10C$ losses ov^r-staLec losses from smut. 

■ 3 . ln comparison with open-pollinated corn, modern corn hybrids are relatively 
free of smut; probably because (a) susceptible inbred lines and hybrids have 
been discriminated against in making-up commercial hybrids, (b) the suscep- 
tibility iof any one inbred line is diluted by the two or more additional 
inbr-dB chat go into the make-up of a commercial hybrid, and (c) -he 
rapidity iof growth and maturation of hybrids seems to suppress smut expression . 
Barreness from smut infection ifi uncommon in hybrid corn and, therefore, 
reference to Ganger's and Hoover's observations (which are based on suscepti le 
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inbreds) over-states the importance of this condition. 

In fact, some of the greater expression of smut on barren plants may 
be the result, rather than the cause of barrenness (See Davis 'work) . 
Davis noted that more plants in a field were infected theST^ould 
be detected from visible galls because such plants had rudimentary 
galls at axillary buds along the stalk, which could be detected only 
when the leaf sheaths were stripped back. 


I am inclined to accept Davis 1 conclusions that most smut 
iofections of corn are of a systodc rather than of a local nature. 

I base this belief on my observation of the abundance of rudimentary 
gall? at the lover nodes of plants. * 


5 . Because corn emut is a minor disease in the corn belt of the 
US, farmers do not consciously sanitate against it, nor do the 
state extension services publicize the need for sanitation. 

6. As indicated above, some progress has been made in the US toward 
developing smut resistant corn. 


7. 


Helminthosporium turcicum also occurs on teosinte. 


*<**.•., 8 ‘ ?ftQ 7 r nM CO T: t ^ U “ ln 1839 (15) ' iu Lon « Island > Wev york, in 
Jersey 1^1903 (9)! DelaVttre -- eat3t<irn Pennsylvania and 


9 . Severe in southeast Iowa in 1950 ( 20 ), and in the southern and 
central parts of Iowa in 1951 ( 12 ). 

10. a Synptoms could -be de seabed,. better (^ 10 , 17). 

11. The species that should be named here is H. carbonum (16. 17 . 19 ) . 

not H.-may&ia*. Helminthosporium carbonunT fRacep 1 and 2 ) is^of 
minor consequence on corn thus far Jin the US, occurring .chiefly on 
a few susceptible inbreds (10, 1 6, 17). Helminthosuor ium mavdis 
is of greater consequence (10, 17) . — 

12 . There is more Information on resistance in corn to H. turcicum 

(2, 7 , 8, 17, 23). v . - 

13 . Rust, severity . In Iowa , in 1950 (20, 21 ) and 1951 (12). 

1 ^. Also from Venezuela (13). 


I?. There was a. local 
in 1951 (5). 


epiphy totic of Puccinia polysor i in Guatemala 


- o. I feel thi ? section should be treated In detail as the ot£|/?r 
sections have be .m treated. Sonic- recent pertinent references 
(1, .3, 11, 12, lc) are included in the attached bibliography . 


2 C 


In part from personal experience, I feel, that, with proper weather 
conditions, HeLmi nthosporium turcicum , H. ruaydis , Puccina gorghi , 

— * polysori , L c le r o s per a phi llipjnenr i r> , S. may die , 3. rnacrospora, 
possibly other Sc lf-.ro spar a- :;pn., Physodenna Sea-ma ydis , Corcospora 
ceae, and C. zea-maydis possess ephiphy totic potentials on corn that 
are equivalent to the rust f;m u .i on small-grained cereals. Sphacelo- 
- erghi , Bacte ciuj.i s tewartli . Phytomonns syringae , Pseudomonas 
albopr ec ip:. tans , Angii^sora roue and viruses possess less epiphytotic 
potent! 9.1 because (a) they do not reproduce and become disseminated 
no rapidly, (b) they deteriorate under humid conditions (Sphacclo- 
thccu or gtu ) , or (c) they require locally adaptable insects for 
transmission. T J i 1 1 .7 ft, go Uff.ydlg &nd other unnamed pathogens have low 
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epiphytoti c: potentials in my judgements. 

The absence of consistently luige scale epipiiytotics of corn 
diseases in central and South America is due in part to the 
wide genetic heterogeniety of the corn in those areas and in 
part to temper ire and moisture conditions that vary with 
the physiography of the regions. In the US, where present 
corn hybrids are built from inbreds derived from uniform stock, 
the absence of widespread epiphytotics is due less to genetic 
heterogenicity but more to low quantities of inoculum coincident 
with unfavorable weather in critical areas. The low quantities 
of inoculum doubtlessly are due (a) |to corn being a one season 
crop throughout the US, being planted about the same time of the 
year at various locations, so that opportunity is not afforded 
the pathogens to build up on a winter corn crop in the south for 
subsequent transport to the north, as is the case with rust 
diseases of osreal-*, (t) to the inability of spores being 
carried long distances because either they are too dense or 
subject to rapid inactivation by des'sication, and (c) to the north- 
easternly direction of the prevailing summer winds, which would 
tend to keep pathogens confined to the south easternly part of the 
US, and away from the heart of the cornbelt. Cornbelt corn 
probably *-^uld sustain severe epiphytotics if weather conditions 
were favorable for mild epiphyte tics | in the south central states, 
and from where spores could be wind- transported northward to it. 
Weather condition? in the cornbelt until Aug usually are favorable 
for epiphytotics , but because the inoculum is not present, such 
epiphytotics do not develop. Helminphosporium turcicum epiphytotics 
have been produced artificially in the field in central Iowa by 
spraying spores onto the plants, hut in one year the fungus failed 
to sporulate thereon. 

The list of pathogens possessing epiphytotic potential of the first 
order have already been enumerated under (X) above. I think all of 
them should be considered. 


. Recent available publications to my knowledge have already been 
Indicated. i 


Additional US Specialists in the pathology of naize are the following: 
(a) I. E. Molhus , Iowa State College; (b) A. J. Ullstrup , Purdue 
University; (c) J. G. Dickson, University of Wisconsin; (a) J. J. 
Christensen , University of Minnesota; (e) C. C. Wernhom , Pennsylvania 
State College . j 
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MAIZE 

In torn] of total world production, malao is the fii^th»xmi3dLng agricultural 
crop* curpaaeed by sugarcane, potatoes, rice, and wheat, in total tonnage traded, 
hovarvTJrp male© ranks in third placo, behind only wheat and sugar© In terns of total do 
value or agricultural deports a sudao was in eighth position, slightly bolow coffee, 
in the prewar period© Zlalso thus holds an important place aaong agricultur al crops 
in ;»rld production and trade© 

Two countries -*•* Argentina end China «>» stand out In the ecoxxor^r or E?ala«o 
In recent years, Argentina has consistently been the most important .video comporting 
country in the worlds with United States nalso export toiuiago ©acceding that of 
Argentina only occasionolly 0 In for cxinnpl©, Argentina esport-od slightly 

250 ro than 2o5 million matrlc tons of taalzo, one^half of total world ooeports, ooinparod 
iTith United St-atos 0 ©imports of 600,000 metric tons o Ko other country oven approached 
Argentina in this respect© 

hi tii the option of the United State whoso maize production 3 o greater 

than that of tho rest of the world combined 0 China la tho leading nmiae producer 0 
Unlike Argentina^ where th*j bulls of the orep is exported to loz'slgn ooun tries, 

China vjsob ito maize for d^ccsrtic purposes and carports little* if b^o Brazil 
is tho world 0 o third —ran king producer of cisicc*. with the possible exception of 
Rumania r where accurate production figures are unavailable o 

In Argentina p me Iso occupied Miore cures than any other crop except wheat, 
during tho prerwar years 0 Alfalfa acreage exceeded that of maize In TS'iil# but 
tho prewar relationships may be under Argent lzia°o now agricultural prograu 0 

In X9 3^0 nis-iUQ uzu3 Argentina 0 o fourth most iisportcnt export ccEXodlty, ccoounting 
for 12 q9% of tho dollar value of all exports, and outranked only by meat D wheat 0 
;md linaeedo By ipijii* however® raaiso represented only 1 0 8£ of Argentina oxportc 0 
In Chinas rice, uboat fl raposoed, and barley occupied a greater total aero ago than 
did luaioe in, 191*1 n 

lioisc is a Hnrr,;~cliniata annual plant represented to r tho oinglG epecloa Zqc may o L 0 
Hio spoolcc consloto of several varlotias, namely; potf^ floirr^ flint* pcp 0 exeat n 

and dento MoXcq is a vosy adaptable plant and io grown under a ^rildo range of 

i , 

©xnrironmontal conditions o The native hor^c of moiao in in ©ith®r Control or South 
America but no wild or uncultivated opoJios &ra known*, Cultivated main© io attacked 
by muwtrouo pathogens^, aoafc of vhleh do J ao-i roault lr. marked yield rodwfclonj?,, 

Uptffinge roqydUi (EC) Cda„„ Hofealntho&porlum s ua, fl Pucolnia ao r r.til Sctn^ and Suleroepova 
will be considered. 


>/ ‘ CL ,..J. 
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carbon dal r-.ris, or l: clear, del naiza The pathogen is connonly deci^^teri Ufftilafto 

*l 

ESgydjo (DC) Cda c - although tha nsi^e U„ fle&s (Bcckm.,) lingo ic alco widely recognised© 
Uotllago may die attacks only r.icya and J^uahlaenn ncmanao The gceli t gcillc 
appear on err/ part oX tho host plant who:*e embryonic tlchues are cotpocedo Gallo 
(lolloped or* maico ca&ulirijc nzy -yjzrjlt in tho death of the plants but later gull 

development raroly kills tie plant or plant parts,, The gallo may develop to a 

| 

diameter of four oo oils In 2 has rt At first the gall a are covered with it greenieh white ^ 
fliTiij, glints ring nenorenoo A e tho g/ill matures, the mambrarwj drloo and wo at hers 
eway-p roleceing th© innumerable clilcrrydooporoo of tho funguso 

The ^vezage annu:iZ ?.0 38OG due to coni ermat aru usually ostimatod at three to 
fives percent although locate in irddvidiuol fields aay sonotincs be nearly 100# o 
Several inveatigatere have etucltcd the variations in yield losses duo to U„ maydlo o 
G arbor (inti Hoover 11928) cr included that tho greatest losses fr cm ti*o pathogen ©an© 
about oo a result of induced barzv)nnsEO« Thoy found that 1188 samit~froo plants were 


20# barren* forces of 8 6 $ emitted plants- sorw 39# wore barren,, Immer and 
Chriotcncen 11928 P 1931) found that the larger tho gnlle on tho etalko,, tho greater 


tho reduction in harvested grainy ale © galls above the oaro vroro associated with 
gi*eator yiold reductions tlaan those below the eareo Johnoon and Christenson (1935) 
concluded that the average reduction in yield per plant due to infection by b ^ maydlg 
caa cpproxiniately 3 C#d On tho avarago. single smut galls reduced yields about 25# 
and multiple calls qppro;abjnatoly $G$o Single or multiple smut galls above tho oaro 
icoro about telco as destructive as galls located below the oareja Davie 11936) 


reported : 


the results of observations in aeico fioldo nGor Arnes, Iowzio Eleven 


pore ant of the plants in 1930 had visible smut gaHo 0 ;?# In 1931a 1 4# in 1932^ 

6 $ In 1933 1 > and 18# in 191 Id Nemllenko (Z9ltl) reported para entases of eiaut infection 
in tho Ulcr^aino. ranging from lass than ono to eot.’O than 20#^ Pepper and haensoldr 
(19/iU) reported that annual loosen of 5# or more rrero to bo expected in tho sKoot corn 
crop in hew Jarooy, and that loosos ooirotimoo v5o.ro as much as 60*# on highly 
suocaptiblo hybrldoo 

Tho emut gallo aro, ii a reality, large m&seeo of reddish-brown to block 
ohlsunydooporec tfhich or© finely ©chinulate* spheric al to slightly Irregular in 
shfipo* end 9 to X^in dlamoter (fee keen « X9lt?)o The chlcszydooporoo germinate by 


producing pronyccXla which | usually bear four lataral basidloeporoo or erporidla 0 
Tho baridioeporoD may multiply by budding; to produce eccondajsy ba8idiooporos Q Tho 


eporidia goxrilnate by producing gons tubes which penetrate the epidermis of young 
cells' directing Welter (193U) concluded that etc mate -^aro rclativoily unimpoxrtant 
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on ports of entry ^ oloo that chlamydoopcreL sometimes produced germ tubes ^hich 
penotratod young tissues. ‘-alter believed that chlairydosporcs were important In 
Initiating secondary infections. Approsorle were not f omed. Walter also observed 
that germ tubes of the pathogen penetrated and of foe tod tissues that wore apparently 
too mature to pro duo o gall s o Words tematlc activity and hypertrophy of tho host cells 
coemod to bo necessary for the formation cf the gall. 

Many studies of 17* may die have been made on culture media in tho laboratory 
(Christenson and Staknan - X926 fl Stataoan and Christenson - 192?^ Kemkamp and 
Martin - 19U1, Kornkamp - 1 9k2% Stnkman,, ot alp - 192*3# 191*8 , C*tal„) 0 It appears 
that tho fungus comprises an lndofinito number of fiiotypee that differ r either wldoly 
or slightly in overy observable choractor or combinations of characters* At least 
5000 easily distinguishable biotypos rare obtained from two haploid oaoidiosporos of 
opposite ocxo New biotypeo are constantly being productod as a It of imitation 
and of recombinations resulting from lntorbiotyple hy or Idle at ion* Soma lines tore 
found to be extremely mutable and others uoro vary constanto Some lines ww© strictly 
mycelial In habits others formed only bnsidlonporco, whereas ntm others i/ero a 
combination of tho two types* There oro multiple sox groups but there is relatively 
free interbreeding among the bio typos* Notvith standing the axtremo variations 
encountered in culturo* the ciliary do spores were observed to be surprisingly uniform 
in morphology* Mycelium from baaidiooporos of oppooing rex greupo must b© present if 
tho pathogen 1c to develop natively in tho hoat iiasuee r although some few blotypcs 
provod capable of Inducing the formation of galls when inoculated cignly into maiso plants ; 
S talon an ^ et ol* (191*8) found that tho addition of uranium nitr&to to tho culture 
nodiura stimulated mutation in U 0 nay dig .. 

The bocidlooporea and chlomyclooporea of U u m ay dip oro wind blown, from plant 
to plant and from region to region 0 Mic ciilaDydospores are also quite racist ant 
to unfavorable climatic conditions^ gastric Juilooa of animals „ oto G 

Soll-borxio Inccvluri ic the most Important source of natural infection of males 
plants* -According to Chostor (191*7) ehlonydoaporo gemination in tho ooil la favored 
by an acid ooll reaction* Although ohlairydoepox'os- may be earned on a a i ae oced & this 
lo not believed to be a major source of inoculum* VJhon young eoedlingo are infected 
tho rrycollum may beccrao cystemlc, but most infections appear to bo local In character., 

Davis (29>6) concluded that moat, if not all,, sraut infection was oy atomic in 
character* 

MolhuSp ct al w (I9l*lj found that voider controlled environment! conditions the 
extent of gall formation by D&. luaydla was increased by nodorato lilting of tho 


maicM nlnriti*. H.rui wim f1rtnrp*nr»<r*t bv nt>On/J/Virt ft t* *f *■> *1 .*»»*** 
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showed that in the firot two years, l/hen th-3 precipitation woe creator by 100 jan and 
the air and soil humidities higher py li> and 5^* rospcc Lively, than in the following 
two ycarsp the percentage of mnice onut was inuch lowr (8.U to 0*8/« as against 17-7 
to 20 P 2^). Grcenhoueo oxporimonts also showed low noi3tu_re correlated with a 
higher incidence of snut„ riels e smut was found to bo much grantor in the dry 
Onopropotrc M»k region {<> 9 * 3 - l6*»l£) than in the nor© hunid Rostov (0«3 - 0.?>) and 
^Idavinn t0|«3 ~ 3*5^) resionao IJenlierko boliovod that briof cumner ohowera and 
•Sows sufficed for germination of tbs spores at 0 o rinydiB . Cnester (191*7) wrote that 
the nathogen was adapted to warm weather? the opticum*. t crape ratur© fox- spore 
gomainatlon bong 27° to 33 C G* 

Sanitation and crop rotation (three years or longer) aro f frequently rucoramcndod 
for alloviatiLg tho incider.co of juxi^o emuto Tho intensive cultivation of malso in 
non y regions |,j and the fact that th.e fungus eporoo ax'© air born© ftr considerable 
distances lessons the value of theca moasuroGo Bikewiso, seed treatment, although 
sometimes recommended^ lo lm>ffectivo P 

j ; ! 

Popper and llcbonoolor ropox f toc\ that it woo possible to control both tho 

European corn).; borer and maico smut in sweet corn in the aom© operation b} uoing 
duets cont4Sdj*ing rotenone or n teft^ino as the active o£ont3 0 Go rurally specking? 
control of mala© etnut with olthor sprays or dusts hoe boon considered ImprsetlcaXo 
Oerter ©n d Hoovor U^aB)? Inner and Chrletenson (1/31) ^ Stringfield «md ^owronn 
( 191*2)? et alo hav© indicated that considerable differences in susceptibility to 
H- ftaydlo esljst In Z* sayp do that control by tho dovabopc»nt of raoiatant vaz*i©tleo 
1*3 a possibility y Popper and ^iacnselor (X9Wi) Indicated that sweet o cm varieties with 
tight husks till'd long husk tips wore less subject to smut than loose-hunted* ohox-t-tipp-sd 
Vurlotieo*. Breeding com for errrut racistancG hao not progressed &ar in any country, 
ii olminthogportmV Blights of Malgp « 

Tho diseases C\u($J3ed by various opcclos of bplzni = nthoGocrj('Di on 2,, mays ora commonly 
3 Jr ! : 

dcAlgud loa£ blight? Holndnthoaporluin blight c * end tiacn de la hoja del molc 0 Several, 
species of ^ichaintlioaTy ilxgii have been reported as attacking rnuiiso In difforont parts 
of tho world j *'ho moot prevalent species arc d 0 turclcum Paso*, li a roaydiu Klaikado 
and i'dyakn C Cashllobclus hatcrostrophus Drechs. ) A and U. carbonum Uliotrup,, 

lielminthosporlum turclcum Is distributed widely over tho world on maize, and 
various specie© of Sorghum ; lk n mgydio also lc3 widely distributed on miase and tooeintOo 
Itelminthoopo rium o arbonum has boon reported thus far only on malse In tho United Stnteoo 
Thoce species of hclminthogporium aro primarily loaf parasites but h. oarbonum 


also attacks the oars of maiae« 
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The leaf spotting condition caused by the varlo> e specks oi holmlnthosnort um 
) have been considered aa unimportant diseasoo of maiito until recent years, vhen 
considerable destruction occurred on coitain inbred lines and hybride of maiso. 

turctou n was reported J a common and destructive pathogen 
of raaino in Argentina by Carpi (15/3?) and iiarenionato (19U8). The disease is 
especially destructive in vorei, wet summer and fall seasons. Welker and Hagruder 
<l?k3) reported that 19U vos an epidemic year for Hnlmintho cerium flight 
(presumably H. turelcun) in Maryland, opa/pollinatcd varieties of malt® vere damaged 
loss than hybrids. Holminthooporiun turclcum was reported by Ellett ae 

present in Ohio fron 1539 to 19 U3} it was serious on many commercial horbridoe 
v feni h fl „ *19146) reported H. turclcum end H, carfconum os present on naiao in Pennsylvania, 
and H. taoydlfl as epidemic In Cheotor County In 19U5. Helminthopnorj^ turelcum 
*, observed (Hoppe - 1?«53) to be causing premature drying In maiac fields in south- 
\ central Wisconsin in 1952, The diseased fields vmro conspicuous fre* the hlghury. 

/ Conaidorable damage occurred nirrao the oars wore in the milk otage. dio ° oCO 

vac common elsewhere in Wisconsin and had been present in previous years, but was 
not so widely distributed nor so revere ae in 1952, No osUmteo of the destructive s« 

0 f H r carbonuia ucro rruude by Ull^rtrup (19U1*) 

The leaf loolono oaueod by H. turclam appear oo long elliptical areas, greenish 
brown In color, and shoo concentric tones of different shades of brown. Heavily 
infected loaves eppoar as if fired, and vary little green area remains (Ullstrup - 
391*3 ). The lesions boar conlUlophores on botlv surfaces of the leaf. Tho olivaceous 
to brown conidtophores usually ornorgo through atenate and bear fusoid to elllpsold- 
obaped oonldia which moa^s SO to 2C0 r 5 to 12/uln also. Tho conldin ore fivs to 
eight oopfcato and hove pointed ends. The fungus grows readily in culture (Marchlonatto 

19U8), 

ihu locionn caused by H. maydls arc quite distinct from tho lostons of H, turel gm 
Tho spots are alongato, buff colored with a reddish-brown mu*£ln, and have a definite 
bo note or targotliko pattern. Severe Infection may reduce the leaf area ouiTiciently 
to affect markedly tho yields. Conldicphoreu* which are olivocooun in color, ensrt.o fi 
the stomata and are 120 to 170 in length. The conidla are ooirauhat curved, light 
olivaceous in color, and cn’o 30 to 315 s 3.0 to slne 0 Porithcciu of 

Cochl iobolua are quite nuawrouo In old loelorh;. The accl are nunorouo, l£0 to 160 
in length, and visually contain filansmtoue oocoaporos (Dickson- 19U7). HoOMjiitho- 
maydia 1 0 most prevalent in too ocuthoaetorn part of the United States. 

^ The loaf lesions caused by H, o sa-brnum appear as narrow irregulorn ohocolate- 

brown spates. There arc at least two re«os df H. eartongn and both atv«ck the 

„ it * V - '*1 - tho oor flnnfiflramfi of bolllR 
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charred. The physiologic races are separable on tho basic cf symptoms produced and 

the specialization evidenced in parasitism, The eo rid iosphoreo, which arise singly 

or in small groups from otonntnt, aro oalvnccouc brrr.m in color, 90 to 2J0 ^ 5 to ^in aizi 

and boor one to several conidia. Tlie conidia are 25 to ICO x 7 to ciso (mean 

63 x widest In the center end taper toward rounded ends. Tlley oro dark olivaceous 

brown, straight or slightly curved, and two to twelve c opt a to (Uliatrufl - 

The principal sources of inoculum of the species of Helminths srorlum arc the 
conidia produced on the diseased tissues* Conidia arc produced in abundance, are 
widoly disseminated by wind currents, and geminate by producing ^ no or nxpro gom 
tubes which penetrate tho host tissues directly or tiirough ctonats (bllstrup - 1^3, 
Karcliionato ^ 191*3). 

According to Carpi {1939) 9 H* turcieum was doocribod on Raisa in 1876 by Paooorini,, 
Tho pathogen iraa mentioned for the firct tile in Franco In 1903, iln India in 1907, 
in South Africa in 1912, and jXI Australia in 19l5n tael blight is an important disease 
of raaice in middle Europe, Africa, Australia, itueeia* India, tho Philippines, etc. 

The fungus is common and often destructive in Argentina*, Compi observed tliat the 

; i ; 

degree of infection., as >reH ca coni dial production^ was directly related to the 
relative humidity 0 The fungus develops wall on ordinary cultirc media, growing 
more rapidly at 28°C c then at 20°C of) but it produce© conidia more abundantly and of 
larger oiao at 20°C U Conidia produced in culture aro generally sm all er than thoeo 
produaed on leaves Q Tho fungus grev boot on media at a pH of 5.?, 

The species of hclmlnthoo oorluia attaching maize aro eaid to survive from one 
season to the next on old inf os tod leave© in tho field 0 

i'iarchionnttc (l9i*Q) adviosd that H. turcicura was beat combated by burning tho 
old discos od leaves H rotating maize with nonsuoceptlblc plants » and planting 
resistant varieties ? Ale 1® on (.19^7) rocousnendod similar jtuisdutodo 

Ulletrup (I9iiln) pointed out that tho dent cem Inbred line Pr wao unique In 
ita outic eptlbillty to ^cce 1 o H„ innytlig a oil other Inbrad Unoc Ini hybrid o i.nre 
resistant*, Tuo susceptibility of tho&nbrod line Pr wnc Inherited els a monogenic 
rocaAoivo^ bllotrup (XSfUlb) also d&eribsd t>.*o physiologic races of H d moydte 
in the oom bolt. * ttaco 1 was proposed to dooign^to tho race to which the lnbrod 

line Pr Is ouecoptlblso Race 1 moy have boon indigenous to the corn bolt ox- it m ay 

\ 

have arisen ac & mutant from tho luao specialized type known to occur- in Florida, 
ibsee 2 km doolgnato to include! tho race observed on the Inbred lino 187-2 and a number 
of otteu-o; Reco 2 was though to bo Indigenous to tho corn bolt but had Decapod 
recognition until the proper environmental condtlona ensued and a relatively suocoptiblo ho a 
v<urlety of hybrid worn present*; I 
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i£Llott (I9h3) noted dltXeronces In cusc3ptibility to U 0 turcicum In Ohio 
"or. one various ccmorc^l lc/brlds 0 ilc tvslr unablo to detect any seedling resistance 
in greenhouse esvporimontc among Zl\ Inbred li nes* 26 elnglo crosses* and sd be- double 

hybrids* Wemharc (l?li 6 ) in Pennsylvania reported that In a greenhouse inoculation 
aanerirjentp tv© inbred lines , which wore Yory emscoptikln to H c turcicun g ehoutK'* 
pronounced resistance to k* ngydia 


{\*y cr03v : 



Halge Ruat 

The disease in known corcuonly aa ruat 0 The pathoger, is dooi noted Pu&cinia 
sorpjhi. Schw 0 ; b)\«ver, at least two other rust fungi, ? g o olyeora l r idcvw a and 
Anal op sera fcoac Haino,, ore recognized on nalso« 

Puccini a Gorghl attacks the laavao of 2oa, rr>ayn and Sychlaona aecriLcanfl (too sin to) <> 
The ol tomato boats of P B o orhi arc various species of Oxalic , C o Comic ulatc , 0* 
cymoan 0 0* stricta , and 0* yiolocoft o Puoclnia poly corn and A„ kqqo attack tha loaves 
of naico plants; no other host plants have boon roportod© 

'flic ruot diseases of uvaicc have :ot received nearly go much attention as tho 
runts of wheat,, oats* barley, otc 0 , bocoaoo they have novor boon const daermti of meto 
Importance « In moot years P« sorghi occurs on malno so late In tho growing season 
that practically no loaoeo ctn'bo attributed to the pathogen. However^ given favorable 
environmental conditions early in tho groting Beacon, the rust fungus can and does 
cause considerable reduction In yields of maize* 2o zz end Solgmann (l?U7) reported 
that destructive attacks of P* aor&ftl on nalso eccurrod In tho yeans l$hZ through 
1916 in tho low Rhine V alloy of bt Q 6allo The plants wore killed in July and August 
before tho earc had ripened 0 spraying for control proved ineffectual p oo that attention 
was directed to oxfce x^nlnat in g the altorrmto hoot, 0 o otrlcta B in tlx? region 0 

An anorynous note (Anon, •• 1951)^ In ' World Crops Indicated that tharao vrao a 
destructive rust epidemic of maize in Woot Africa 'In 19^50 „ The Government of tho 
Gold Coast found It necessary to iczport moro than 12^000 tons of grain to maet 
tho food shortago occasioned by tho 19<?0 epidemic which owpt the molso-growing 
regions from Nigeria to the Ivory Coast, fthind, et al 0 \X9$%) reported that a 
virulent epidemic of malso rust began in Sierra kocno In l?U¥ t and \m a estimated ae 
©aouing up to £o percent looo of the maize cro^o in Liberia*, Ivory Coast, Gold Coaat, 
Dahomoy , and Nigeria In 19^0. Prior to only the uredoopere and ielio spore stages 

of P, joo rg gl has bo^n collected in .<051 Africa on maize 0 f>ue to the viruXortco of tho 
outbraako and also tb the larger olze of tho urodoaporee, bio by of tho 
Cwmorwealth nycoloeical. Inetltuto concluded that tho rust fungus involved in the 
nvaiMi epidemic wua P, pol^sora rather than P, oor^hl o Tho 39h9 collection frem 
3ioxra boo no was sola to bo the first collection of P* po lyoora outolc * the hootem 


1 
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Hemisphere o Nettraco (19i>3) reported covorc outbreaks of ruot caused by £o oolyaora 
in Kenya In June* 1952 ~ Soth P 0 sox?; hi end P* p oly no ra occur in Zanzibar, Uganda* 
and Tanganyika!, oltten on tin? came naiM leaf, Mnttrasa indicated that oil the records 
of severe attacks of P 0 polyoora have been f rcc tho warmer* more humid tropical areas * 
According to Curnoins t!9itl), there has beon considerable eonfuGion in the 
Identification of the ruot pathc ..one cn nai 7 ®u Cumins first discovered that a 


specimen labeled P« aorfeM. from Peru was actually P, polysora . Subsequent examinations 
in tha Arthur herbarium shoved that the rdetake had been medo several tlr.es In the 
past j and that P^ polysora a formerly believed to occur only on specieo of hritmthuo 
and TyjLpj jpcuru act uall y occurred as a parasite of riaiz© In Poru* British Honduran* 
Costa Rica, Cuba, Guatemala^ Mcadeo* Puerto Rio??* Panama* and tho United £tatoo 0 
Tho pathogen had also boan reported as attacking tcoslnto under the binomial 
p u aorghi p Only the urodo spore and teliooporc eta, on of P. polyoorn have been 
reported thus fer* fixe uroibaporoc oro 2li to 29 x 2? to olno aocordlnc to 

Arthur (193ii)« Tho tellocporoo measure 18 to 26 x 29 to htyv* 

‘-y ?.• haa boon reported on nelao plants from poooibly all the mai^a- 

grvurlrg ro clone of tile VJbrli* The pycnial and aoclal stages occur on various epocioc 


of Oxalic and. the uredlal apd telial stages on maico and tooslnto c The urodospores 
measure 23 to 29 B 26 to jsjjl the tSliocporoo measure 16 to 23 x 2? to kSpj> 

jaifdLopoo ra goes cn soalao As somewhat similar In appearance in tho urodial otogo 
to £o polysora , and It haa been co nf us ~d at least once vrlth P p polyoorn in “uerto 
Hlcoo The uredosperoE measure 16 to 20 a 22 to 3^jtho unicellular tclioonoroo are 
catenulate in sessile chains of usually two spores. Thus rust fungus* according 
to CuOTilnGfl is known only from Guatemala* Puerto Rico* tho Dominican Republic* and 
Trinidad* 

The urodoeporoo of the above rust fungi ore readily dloporaod by t/lnd currents. 

The gorm tubes of the uredo spores wero observed by V/ober (1922) to enter the otoraata of 


a maiao loaf oithor with or without the formation of approscorla 0 

According to Maine (1931 at least oovon physiologic r&cuo of P « o pr^hl havo 
boon aifforentlatcdo Valloga (19lUi) reported tho oxiotenoe of at least two phyo&oXcg&o 
race a of P P oorg^riL In tho I< Invalid district of the pro vine o of Duonoc Aires in 
Argentina, J 

In most regions tho oourco of inoculum for Initial and new infect Iona lo tho 
uradooponao; however* Webor (1922) concluded that tho uredooporoa did not overwinter 
in the vicinity of Madison* Wisconsin, in the winter of 1919-1920 : The uredosporeo 
wore found to retain their ability to germinate for 30 to 60 days but declined 
rapidly thereafter, The time required for initial infection la probably leoo than 



Approved For Release 2001/09/11 : CIA-RDP80-00809A000500420196-6 


According to Weber (1922), the optimum, maximum, and nsininu« tcsspcrptures Tor 

the germination of urodosporec of P. aor^ *ra 17°. 32° and U°C„ r^ectiTelyo 

Tho option m temperature for Infection van 10°C. and the noxteum cad 
r © o 

temperatures somewhere in the vincinlty of 32 and k C. 

Johns and Brown U9Ul) Indicated that P J 0081 dofitructive in rcclcna 

of high humidity. as In the Gulf states area |of the United States* Seneniuk and 

Vfellin 091*7) observed that in Quateeal*, £* *“ tho “> ot prevalent and eevore 

diaeoae of maize at elevations ranging from 100 feet o 2,200 foot. Tjiy attributed 


/t) ) the’ deetructlvenooo of leaf paraalU.fi of mci*o in Guatemala tc the higkj humidities 
^ prevailing in the experimental areas* Wiltchlre (1953) reported P. polpora ao 

prevalent at olevatione of 3,900 feet. In U E and«. and Hsrohlonatto C19U6) reported 
Pu eorpjii os common In the humid port of the cereal region in ArgentiU. 

The control of msino rusts by regulation seoae unlikely, oincc Ue uredo spores can 


be carried long dlotanceo by vfind curreente. Likewise., control by c^tural methods dooo 
acom very promising, slthough Johns and brown U9Ui; in Lcuiolona Hooted that the 
date of planting was Important, Puccinis sorghi oauood serious Injujy to maize planted 
around Jdne 15 a«l July 3 oaroh year and occasionally damaged the Juxm 1 plantings- 
Thus it appears that in Louisiana, it is beat to slant the maize by Juno 1 or earlier. 
It la also qulto probable that maico rusts can be controlled by so ray ing or dusting 

with the opporplnte chemicals whenever the damage, that night ensue wummeo ouch 

! 

moasuroa. ! 

Wellensiek (1927), hates (1931), Vcllega U9LL), and Borlaug (191*5) have 
Indicated that varieties and oelcctions of noise exhibit considerable variation in 
susceptibility to tho physiologic roces of P, ccrghl- WeHcnaiek vocjtod with 
two physiologic racoo of P. soeghi and observed that some selections joi: maize might 
bo ouoccDtlble to one of the race*, but resistant to tho other. Ha believed that 
susceptibility in tho noise .-plants >ras determined by the presence of a relatively 
largo quantity - of a certnin nutritive substance which acto chcmotroplcally on. P- 
worghl after pentratlon, and makeo possible* an abundant development of -tt?/cclivun and 
Booren. Thus oubatanco wao believod oboomt or- present In only small quantities 
in the more -resistant solutions. Mains indicated that resistance to physiologic 
Races 1 and. 3 of £. sore hi was lahorltcd on a olgnol-f actor pair baisic. Valoga 
reported the presence of two phyfiiqloglc races of £, s^rghi in Argentina. Borlaug 
observed that P. corchl was relatively canmon in JJeSsarto, that three SpecioB of O auaia^ 

. .jbe alternate hoot, wens rusted heavily eoch year, and that tho native varieties of 
maijie fcnerolly more roclotont then introdilned varieties. 
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The various species of bclcffocpora reported to Attack no iso plants have boon 
■studied nont :.ivfcc naively , end l<_avc caused their greatest dootruct2.cn;, in the niaice- 

p reducing reglom; of the 'hiliupineo and Indonesia. I'heao tuo rogiona have hot, 

! hi i j 

trpplcall cidioates although the cllicat© of Java is suDponod to bo conevhat drier 

than that of the Philip nines,. aral'Java has a dry winter ceoccrw Actually^ many of 

| h i i ; . ‘ | | 1 | 

the areas In Java are extremely vet and the rainfall is well distributed throughout 

! !M; j i f 

the year. | ; j". M | ! 

The reports of fosleroaoora on mlaize in the United states havobeen from ajcooa 
e harcct eriaod by a hurf-d, micretliorrJal cllmata with a ir.oro or loos avonly distributed 
rainfall and [only in years in wiiichi jfcliere was exceaoive nrtsclpitotion during the 
early growing [period of the plcniis.j j Sclerospora rraminlcola and t > 0 mneraepora 

have undoubtedly been present In the maize-producing re^iona fc r yeara, yet they have 

| i : ! ' i : | | I j 

never bocorre extremely dcotructiye excent in definite localized maize plantings where 

J ; ) ; j . :|l | 11 I 

the young plants were subject to flooding for a period of hours or longer., Prom 
the data pros anted it is ouggectid that species of Sclcrosoora will bo serious 
pathogens of : liaise only in region classified as superhuinid or humid, and that their 
oignificanco i kkXL decreoso os this humidity of auch regions decroasooo This implies 
that tho downy mLldow disease of maise is important in the Vhillppinca and Java*, might 
be important in the regions of Brazil end China and could bo occasionally destructive 
In localized areas of the bnlteri States end Europe* This disease probably will not 
be of oignificahce in aubhunld or arid regions. No information was obtained to 

indicate that | the doviny mildew f uncus, or fungi has been recorded in Argentina,, 

The frclero3porap attacking! :naicc produce enormous numbers of cporaQgia on 
plant tioouoJ; tjheae^ however, oervi to dicceminate the fungi only for abort distances 
of a few hundred! years 0 oinoe :?porangia are extremely susceptible to deolccatlono 
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